Background Sickle cell disease (SCD) is a cause of frequent emergency readmissions. We examined trends in SCD emergency readmissions and inpatient mortality in England in relation to socio-economic status.
Introduction
Sickle cell disease (SCD) is a group of inherited blood disorders in which recurring attacks of acute painful episodes (also known as a sickle crisis or vaso-occlusive crisis) are the most common reason for hospital admissions 1 -4 and the cause of frequent hospitalizations. 5, 6 SCD patients with high rates of painful episodes and frequent hospitalizations have also been found to have a higher mortality than those with low rates. 7 Hospital admissions for SCD in England have increased substantially in recent years, particularly in London. 8 Although health outcomes have improved with more patients now surviving into adult life, many patients still experience emergency admissions for complications of SCD, with many patients also experiencing readmissions. 5, 6 Identifying factors that predict risk of readmission in SCD patients could help in targeting groups particularly at risk, thereby improving their health outcomes, quality of life and reducing the burden on the National Health Service (NHS) from SCD. Few prior studies have examined the healthcare utilization of SCD patients in England. 9 In a recent study, we showed that admission rates for SCD in England are increasing; and wide variations in admission rates amongst primary care trusts, especially in London exist. 8 There has been limited research in England examining the influence of socio-economic characteristics on the risk of SCD admission. 10 The aim of this study was to investigate trends in the rates of emergency readmissions in England for patients with SCD, to determine inpatient mortality and to assess whether there is an association between deprivation and comorbidity with risk of readmission and inpatient mortality.
Methods
We obtained data over a period of 6 years from the national Hospital Episode Statistics (HES) database (April 2005 -March 2011). HES is the national administrative database for hospital activity in England and contains data on all admissions and outpatient appointments in the NHS, including patients whose treatment is funded by the NHS but performed in private hospitals. 11 HES data contain details on the diagnoses of every patient admitted to an NHS hospital in England; diagnoses are coded using the International Classification of Diseases version 10 (ICD 10). Patients can be coded as having up to 20 different diagnoses. This analysis included patients with a primary diagnosis or secondary diagnosis of sickle cell anaemia with crisis or sickle cell anaemia without crisis. The financial year 2005/06 was taken as the index year for this analysis, and all patients admitted with a primary or a secondary diagnosis of SCD in this year were identified and classed as SCD patients in our cohort. Secondary diagnoses are only meant to be coded if they are related to the reason for admission. For patients who were admitted more than once in the index year, their first admission was used as the index admission.
Pseudonymized patient identifiers were used to identify subsequent hospital admissions for the patients identified in the index year. Outcome variables used were emergency hospital admissions, in-hospital mortality and emergency readmissions to hospital. Predictor variables used in this analysis were age group, sex, national deprivation group (based on lower super output area index of multiple deprivation ranks for the whole of England) 12 from 1 (most deprived) to 4 (least deprived), whether the index diagnosis was a primary or secondary diagnosis for SCD, whether the index diagnosis was for an SCD crisis or not (among those with a primary diagnosis of SCD) and Charlson comorbidity index score. The Charlson score classifies patients into groups depending on the number and severity of their comorbidities on admission, with higher Charlson scores reflecting patients having a higher risk of mortality within 10 years. 13 For multivariate analysis, a combination diagnosis variable was created to compare those admitted with SCD as a secondary diagnosis; those admitted with a primary diagnosis of non-crisis and those admitted with a primary diagnosis of a crisis.
Descriptive statistics for the number of admissions and deaths in an index year were first produced and then summarized for study years individually. Cox proportional hazards models were used to examine the association between patient demographic variables and the likelihood of emergency admission over the time period as well as in-hospital mortality. For patients admitted more than once during the study period, only the first readmission was used. All of the variables mentioned previously were used in these models. All statistical analyses were performed using the programme STATA w version 12. This includes only patients who had an initial primary diagnosis of SCD.
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Results
The characteristics of the patients admitted for SCD in 2005/06 (the index year) can be seen in Table 1 (n ¼ 7679). The majority (58.1%) live in the most deprived quartile of lower super output areas nationally, with only 9.5% of admissions coming from patients living in the least deprived quartile. The majority (65%) involved SCD as a secondary diagnosis, and among those admitted with SCD as a primary diagnosis, the majority were for an SCD crisis (73%). Overall, the percentage of deaths in the index year was low at 0.4%. Deaths were higher among those with SCD as a secondary diagnosis compared with primary diagnosis (0.6 versus 0.1%), and among those with a Charlson comorbidity score of 2 or more than a Charlson score of 0 (2.7 versus 0.1%). Figure 1 shows the unadjusted cumulative time to readmission curves by national deprivation group among those with a primary admission for an SCD crisis (n ¼ 1964). Patients in the least deprived group were less likely to be readmitted over the whole time period compared with all other levels of deprivation. For example, 39.6% of the patients in the most deprived group were admitted at least once within 2 years, compared with 20.2% for the least deprived group (data not shown). Table 2 shows the annual percentages of readmissions (n ¼ 7679) by the demographic variables. Over the whole period, those patients aged 10-19 had the highest risk of readmission (65.5%), as did those with SCD as a primary diagnosis (74%) and those with an index admission for an SCD crisis (77.5%). Those in the national deprivation group 1 (most deprived) were more likely to have a readmission over the whole period than those in national deprivation group 4, the least deprived group (54.2 versus 28.0%). Table 3 shows the annual in-hospital mortality by the demographic variables. Patients in the national deprivation group 1 were more likely to die in hospital over the whole period than those in national deprivation group 4 (2.7 versus 1.4%). Those with an index admission not for an SCD crisis were more likely to die than those with an index admission for a crisis (2.9 versus 1.9%), and those with a Charlson score of 2 or more were most likely to die in hospital over the whole period (12.6 versus 1.1 for those with a score of zero).
Results from Cox proportional hazards models are given in Table 4 . These show that over the time period, those in national deprivation group 1 (most deprived) were more likely to be readmitted than those in national deprivation group 4 (least deprived) [hazard ratio (HR) 2.97, 95% CI 2.57 -3.43]. Those with a Charlson comorbidity score of two or more were more likely to be readmitted than those with a score of 0 (HR 1.71, 95% CI 1.51 -1.94). Those with a primary diagnosis of SCD crisis were more likely to be readmitted than those with a secondary diagnosis of SCD (SCD as a comorbidity) (2.76, 95% CI 2.49 -3.05), as were those with a primary diagnosis of crisis (HR 2.99, 95% CI 2.78 -3.21). For in-hospital mortality, those in national deprivation group 1 were more likely to die in hospital than those in national deprivation 
Discussion
Main finding of this study
There is a higher frequency of SCD readmissions in areas of increased socio-economic deprivation. Some of the readmissions we observe may be due to new hospital episodes, but we still observe lower rates in less deprived places. The majority of readmissions (over 58%) and highest inpatient mortality occurred in patients living in the most socio-economically deprived areas, with the highest risk of admission for patients aged 10 -19 and highest risk of death in people aged .50. The highest risk age group highlights the importance of adolescent transitional care in patients with SCD 14 -16 and supports a concept analogous to the 'inverse care law' where differentials in access to care vary inversely with the (SCD) population most at need.
17, 18 Death rates are higher in those with Charlson of 2 or more suggesting death rates are higher in patients with increased comorbidities (who are also likely to be older).
Much remains unclear about the influence of socioeconomic status (SES) on SCD. However, the wider SES and chronic disease literature indicates a number of ways in which those coming from the most deprived sector may experience increased hospital readmissions, excess in-patient mortality and consequent inequalities in health care. Percentages relate to patients admitted at least in a year
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What is already known on this topic
Within London, around 80% of all SCD admissions are from people living in the most deprived areas. 1 A study in the London Borough of Brent showed that that 74% of total bed days are associated with patients with multiple admissions. 20 Studies have found that, in general, causes of hospital readmission for patients with SCD included premature discharge, withdrawal syndrome and the occurrence of new acute [sickle cell crisis] episodes. 5 SES may also influence the way healthcare providers manage chronic disease. A study by Struthers et al. 21 showed an increased rate of hospital readmissions in those with lower SES for congestive heart failure independent of disease severity. The researchers suggest that this may be due to a number of reasons which included primary care providers in deprived areas having less time to invest in adequate disease management. Primary care providers working in deprived areas may also perceive their patients as having less capacity to understand and manage their own condition, 16 and patients living in a deprived areas may perceive that their community medical resources are insufficient to manage them and 'push' for hospital admission. 21, 22 Another factor that may contribute to increased SCD readmissions, particularly amongst the most deprived patients, is patient self-discharge. A study in England found that 14% of their sample of SCD patients reported having self-discharged from hospital. The most common reasons given by the SCD patients for self-discharging were being 'tired of waiting for pain relief '; potential conflicts related to suspected analgesics abuse and because they just simply wanted to go home. 23 Ballas and Lusardi 5 also suggest that the decision by the patient to leave the hospital may be due to family pressure, childcare or fear of loss of job if the patient is employed. A similar study published in the USA found a much higher rate with 46.5% of their sample of SCD patients discharging themselves from hospital. Limitations of this study
The data may be subject to missing, inaccurate or incomplete data not uncommon to the data collection process. However, the advent of diagnosis-based payment of hospitals has accelerated improvement of data quality in HES. 25 We were also unable to evaluate the impact of severity of SCD disease which may contribute to the risk of readmission and inpatient mortality, as information on this is not included in HES. Additionally, we know that the UK has a mobile population, especially in the young adult group who may be students temporarily resident in the low prevalence/least deprived areas. Their readmissions may therefore be elsewhere in the UK (i.e. Wales, Scotland or Northern Ireland) or beyond and could have had an impact on reported readmissions. Future papers could also focus on what the secondary diagnoses were that led to patient deaths and if they are linked to primary diagnosis of SCD or unrelated. We also did not examine post-discharge factors that could influence risk of admission. These factors include characteristics of the home environment; and the quality and continuity of health care of patients after they have been discharged from hospital including use of community/primary care facilities. Including postdischarge factors impact on readmission 26 could have provided further explanation into the pattern of SCD readmissions.
What this study adds
Hospital readmission rates in England have been used as a measure of poor healthcare performance at a local level or when making comparisons over time between hospitals. 27 However, there is a need to better understand the different factors that influence readmission rates for any disease specific category (including SCD) to control for extenuating factors that would impact on readmissions allowing a more thorough assessment of healthcare outcomes as well as more accurately defining potentially preventable readmissions. 28 Our study shows that SCD patients coming from the most deprived areas nationally experience higher rates of SCD hospital readmissions as well as inpatient mortality related to SCD, suggesting that there may be inequalities in access to health care 
SICKLE CELL DISEASE AND RISK OF EMERGENCY READMISSION
and health outcomes amongst people from this population. This continued to be true after adjustment for age and comorbidities between these populations, which might commonly be thought to contribute to these differences in readmission rates (data not shown). Also, the age and comorbidity breakdowns were similar between the least and most deprived groups (data not shown). Targeted intervention programs 29, 30 that concentrate on a small number of 'high-risk' patients, such as improving access to appropriate care or adherence to medication protocols 31, 32 provide genuine opportunities to prevent a large number of recurrent hospitalizations. Some readmissions may also be prevented through policy initiatives such as the development and implementation of local enhanced services for people with SCD. Local enhanced services are designed to meet local health needs and may therefore be particularly suitable for a condition such as SCD where the burden of disease is highest in a few urban areas such as London.
